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ABSTRACT- - The fish communities of St Vincent Bay {New Caledonia) and their relation to the ben¬ 
thos were studied by visual censuses. In all 89 species of fish (31 families) were recorded, the major 
species in density and biomass being Leiognaihus rivulatus, Secutor ruconius , Lethrinus geniviimtus and 
Scolopsis temporalis. The trophic structure was dominated by macrorin vertebrate feeders and plankton 
feeders whereas piscivores, micro-invertebrate feeders and herbivores were less important. These charac¬ 
teristics are common throughout most of the tropical Indo-Pacific coastal fish assemblages. Species 
richness of fishes was correlated with the species richness and the abundance of cnidarians whereas fish 
density and biomass were correlated with the species richness and the abundance of sponges and ascidi- 
ans. The species structure of the ichthyofauna was also linked to two bottom characteristics* namely 
silration and benthos diversity and abundance- Five fish species groups were identified: (1) species of the 
silted stations where benthic communities were scarce; (2) species usually seen on bare sand bottoms; (3) 
species occurring where benthic communities were diversified and abundant; (4) species of the "lagoonal 
grey bottoms"; (5) species occurring where crevices or debris were present with algae. These results 
support the view that some tropical Indo-Pacific trawl fisheries have declined by modifying bottom 
habitat rather than by excessive fishing effort. 

RESUME, - Les communautds de poissons de la baie de Saim-Vincem (Nouvelle-Calddonie) et ieur liens 
avec les communaut^s benthiques ont £td &udids par comptages en plongde, Au total, 89 espbces de 
poissons (31 families) ont dtd repertories, les peuplements dtant domines en density et en biomasse par 
Leiognathus rivulatus* Secutor ruconius. Lethrinus genivinaius et Scolopsis temporalis. La Structure 
trophique de 1'icfuyofaune dtaii dominee par les macro-carnivores benthiques et les planctonophages, Les 
pisdvores. les micro-carnivores benthiques et les herbivores £tant moms nombreux. Ces caraci^ristiques 
sent communes ft de nombreux peuplements de poissons des regions indo-pacifiques intertropicales. La 
rich esse spdcifique de 1'ichtyofaune dtait corr£l£e avec le nombre d'espftces et l'abondance des cnidaires 
tandis que la density et la biomasse dtaient carries avec celle des dponges et des ascidies. L'ichtyofaune 
presentait une structure spdcifique egalement liee aux caract^ristiques du fond, Cette structure variait 
seloti deux gradients, lenvasemem d'une part, la diversity et l'abondance du benthos d autre part. Cinq 
groupes d'e$p£ces de poissons ont did individualists. Le premier ensemble caracttrise les stations enva- 
sdes oh les communautds dpibenthiques etaient rares. Le second rassemble des espfeces rencontrdes 
prdfdremiellement sur des fonds de sable nu. Le troisihme est caiaetdristique des stations oh les comrau- 
n autos benthiques etaient les plus diver si Tides et les plus abon dames. Le quatridme est caracteristique des 
"fonds gris" du lagon et le dernier ensemble des fonds oh anfractuositds, ddbris et algues Etaient presents. 
Ces rdsultats montrent [‘importance des liens existant emre les peuplements ichtyologiques et la nature du 
fond. Ns tendent ft confirmer rhypothdse avanede de modification de la nature des fonds pour expliquer Le 
dddin des pdcheries au chalut de la rdgion indo-pacifique intertropicale. Cette hypoth&se serait prdpon- 
ddrante par rapport ft un effort de p£che trop important. 
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The soft bottom fish communities found in New Caledonia are very similar to those 
from Australia and South East Asia where they are heavily exploited by trawl fisheries 
(Kulbicki and Wantiez, 1990a; Waruiez, 1993). With increasing fishing effort, the physical 
action of trawls on the fishing grounds has modified the habitat (Hutchings, 1990), and 
shifts in species composition have taken place (Sainsbury, 1982; Hutchings, 1990; Harris 
and Poiner, 1991). The soft bottom fish communities are significantly linked to benthic 
characteristics (Dredge, 1989; Watson et al r 1990; Wantiez, 1993), but these links have 
been little studied at a small scale from in situ observations in an unexploited zone. St 
Vincent Bay, in the South West Lagoon of New Caledonia, offers trawling grounds which 
have been very little affected so far by trawling and it may therefore allow the observation 
of soft bottom fish communities in a near pristine state (Wantiez, 1993). The aim of this 
study was to estimate, from visual censuses, the natural relationships between the structure 
of the fish community and the benthic community. In particular, the links between the 
trophic structure of the ichthyofauna and the benthic characteristics were studied. By impli¬ 
cation, this study should show how modification of benthic characteristics may induce 
variations of soft bottom fish community structure and trophic organisation. 


MATERIAL AND METHODS 


Sampling 

Eleven stations were chosen at random in the South Bay of St Vincent (Fig. 1). At 
each station, a 200 m transect line was laid. Fish were recorded by two divers, one on each 
side of the line. For every 10 m section of the transect line, each diver identified the species 
and recorded the number and the size of the fishes along with the perpendicular distance of 
the fish from the transect. Length was given in 2 cm classes for fish smaller than 20 cm, 5 
cm classes for fish between 20 and 50 cm, and 10 cm for fish larger than 50 cm. The dis¬ 
tance from the fish to the transect was recorded in 1 m classes up to 5 m s and in 2 m classes 
beyond 5 m, Fish were not recorded beyond 10 m from the transect. In the case of schools 
of fish, the nearest and furthest distances were recorded and fish were assumed to be evenly 
distributed between these two distances. 

For every 10 m section of the transect line a third diver estimated the percentage of 
bottom type in each of 5 classes: sand, silted sand, silted sand with debris, silt, and silt with 
debris. The benthic organisms were recorded by the same diver according to an abundance 
scale of 1 to 5 (Table I), in a path 1 m wide centred on the transect. Only the largest and 
most conspicuous benthic organisms (size > I cm) were taken into account. No attempt was 
made to look for hidden organisms in sponges or reef formations or for buried species such 
as most worms, sand sea urchins or bivalves. Crustaceans were not taken into account. 

Each fish species was attributed a diet having five possible components: fish, 
macro-invertebrate (benthic prey > 2 mm size), micro-invertebrate (benthic prey < 2 mm 
size), algae and plankton. A given species may have several components in its diet and so is 
included in several trophic categories. This procedure is more precise than the usual attri¬ 
bution of a species to a single trophic category (Parrish et al. t 1986). Wantiez and Kulbicki 
(1991) give a detailed account of the trophic classification of the fish encountered during 
the present study. 
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Fig. 1. - Location of ihe stations in St Vincent Bay, New Caledonia. The stations were chosen at random 
within the grid. 


























































226 


Analytical methods 

Fish densities were calculated using the programme TRANSECT which was pro¬ 
vided by SHARE Program Library Agency and based on the work of Burnham et al 
(1980). Biomasses were later estimated using a modified version of TRANSECT and 
length-weight relationships for the species involved (Kulbieki et al t 1993). 

An abundance estimator was calculated for each benthos group of individual organ¬ 
isms at each station. Each group was attributed an abundance estimator equal to the mode 
of their abundance class for each 10 m section of the transect (Table I). The same abun¬ 
dance estimators were used for the colonial organisms (Table I). The overall abundance 
estimator of a benthos group at a station was calculated as the sum of the estimators for 
each 10 m section. This method allowed us to obtain an overall index linked to the density 
(Wading et al , 1978). Then, Spearman rank order correlation coefficients (Siegel and 
Castellan, 1988) were calculated to correlate species richness, density and biomass of the 
entire fish population and of their various trophic groups with the main benthic groups. 

Table L - Indices used to record benthic organisms along the transect line. 


Index 

Abundance 

estimator 

Abundance 

level 

Individual organisms 

number / transect 

Colonial organisms 

% of area covered 

1 

I 

present 

1 

£1% 

2 

3 

rare 

2-5 

> 1 - 2 % 

3 

£ 

scarce 

6-10 

> 2-5 % 

4 

30 

abundant 

11-50 

> 5 - 20 % 

5 

so 

very abundant 

>50 

>20% 


The fish species were related to the main benthic features for every 10 m section. 
An observed occurrence (O u ) was recorded for a given species of fish (i) and for a given 
benthic feature (j). A theoretical occurrence (T u ) was calculated for fish species i and 
benthic feature j assuming that fish species i is randomly distributed whatever the charac¬ 
teristics of the benthos: 

T u = N i P j S with N { \ number of occurrences of fish species i; Pf : number of 
occurrences of benthic feature]; S *; number of sections sampled. 

The ratio of observed over theoretical occurrences (O tJ T t j [ ) gives some indication 
of the preference of the fish for a given benthic feature. However, one should be cautious in 
the fact that the sections are not independent subunits of a station. Therefore, conclusions 
from this type of data should stay at a general level and no statistical test was performed. 

The species structure of the fish community was studied using multivariate analy¬ 
sis. A Principal Component Analysis (PCA) was performed on the fish densities in order to 
discriminate characteristic assemblages of species. Species which were found in only one 
station were not taken into account. Those rare species could not be considered as charac¬ 
teristic of a given bottom type and also introduced too many zeros in the data matrix 
(Legendre and Legendre, 1984). The fish species which were kept for PCA are listed in 
table II. Densities were standardized in order to attribute a similar weight to all species. 
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Table II* - List of the fish species censuses D; density (1(P fish m" 3 ); B: biomass (10 g m^>; G: 
groups (A to E) and code of fish kept for the Principal Component Analysis (PCA) (Fig* 5); O: fish which 
were kept for the PCA but are pan of no group. *: fish excluded from the PCA. 


Species 

D 

B 

G 


Species 

D 

B 

G 

MURAENIDAE 





POM ACENTRIDAE 




Gymn&thorax sp. 

0.01 

0.29 

* 


Abudtfduf sexfasciatus 

0*03 

0*40 


CONCRIDAE 





Abudefduf whitieyi 

0,02 

2,08 

* 

Muraenesox baggio 

- 

- 

* 


Chromis viridis 

0.89 

2.67 

# 

SYNODDNTIDAE 





Chromis fume a 

0.24 

6.63 

C 19 

Saurida undosquamts 

0*13 

15.94 

At 


Dascylius aruanus 

2*94 

18.61 

* 

Synod us binotatus 

0.09 

8.09 

* 


Dascytlus trimacutatus 

0*11 

8,34 

* 

Synod us dermal ogenys 

0.02 

0.19 

* 


Neopomaccnlrotus sp. 

0,44 

7*91 

* 

Synetdus hoshinonis 

0.08 

2.44 

D 23 


Pom acentrus ambo inert sis 

0.02 

0.05 

* 

SCORPAENIDAE 





Pomacentrus melanopterus 

0.01 

0.10 

* 

Pterois VO fif flits 

a.01 

0.19 

* 


Pomaccntrus phiiippirtus 

0,31 

3.22 

* 

PLATYCEPI1ALIDAE 





Pristotis je rdoni 

4.90 

1003,5 

C 20 

onigocim sp * 

0.03 

1.04 

B9 


LABRIDAE 




S ER RANIDAE 





Cheitinus bimaculatus 

0.05 

0.98 

C 21 

Pseudanthias sp * 

0.22 

5*11 

* 


Cheilinus ch to returns 

0.03 

1.29 

* 

Cephalopholis boo lack 

0.04 

2.98 

C 13 


HaHchocrcs hoevoni 

0.02 

0,33 

* 

Epinephelus cyanopodus 

0.04 

46.86 

E 29 


Halichoeres trimaculatus 

0,01 

0.66 

* 

Epinephelus maculae us 

0.08 

5*76 

C 14 


S uezich thys gracilis 

0,06 

0.78 

C 22 

Epinephelus rivulalus 

0.01 

L24 

• 


Thalassoma amblycepkatum 

0.02 

0.39 

* 

APOCOM0AE 





Thalassoma lunare 

0*09 

2.25 

* 

Apogon sp. 

0*49 

2.02 

E 30 


Thalassoma lutescens 

0,01 

0.12 

* 

Apogon catalai 

0,04 

0*09 

* 


SCARIDAE 




Apogonaureus 

0*11 

0*89 

* 


Scarus gkobban 

0,10 

16*49 

* 

Apogon fraenatus 

0*22 

0*67 

* 


M UGILOIDIDAE 




Rhahdamia sp * 

2*96 

2.96 

* 


Parapercis sp. 

0.09 

2*53 

A3 

CARANG1DAE 





paraperds Cy tin drica 

0*22 

3,94 

A 4 

Decaptenus n usseHit 

004 

2*00 

* 


Parapercis polyoph talma 


0.43 

* 

Gnath a no do n spec ton us 

0.67 

73*33 

* 


BLENNIIDAE 




LEIOGNATIIIDAE 





Petros ci rtes bre vi ceps 

0.04 

0.58 

A 5 

Leiognathus rivutatus 

5.82 

1012*7 

0 32 


GOBIIDAE 




Sccutor ruconius 

5.56 

33.33 

* 


Gobi'tdae sp. 

0.13 

2.15 

A6 

LUTJANIDAE 





Amblyeleotris sp. 

0.13 

0,24 

A 7 

Lutjanus quinqueltneatus 

0.17 

16.86 

C 15 


AmbtygobiuS sp * 

0,32 

4.82 

Q33 

Lutjanus villus 

0.35 

81.09 

C 16 


Amblygobtus bynoensis 

0.20 

5,40 | 

* 

CAESIQNIDAE 





Ambiygobius albimac ulatus 

0.01 

0.20 

* 

Ptrrocaesio tile 

1.54 

45*38 

* 


Ptereleotris hanat 

0.03 

0.09 

* 

GERREIDAE 





Valenciennes. puellaris 

0,03 

1,37 

* 

Gee res o vat us 

0*11 

7.65 

B 10 


SI GAM DAE 




Gerrts sp. 

0,04 

3*87 

* 


Siganus canaticu talus 

0.04 

0,98 

* 

11 AEMLLIDAE 





Siganus sp. 

0*04 

1*47 

* 

Diagram ma p ictu m 

0*02 

14.85 

E 31 


SC OMBR1DAE 




LETHRINIDAE 





Sc omberoides commersoni 

0.01 

45.19 

* 1 

L eth rinus gen i vit tat us 

4*53 

1077.2 

D 24 


HOT Jit DAE 




Lethrinus nebulas us 

- 

1.17 

* 


Asterorhombus intermedins 

0*04 

0,53 

* 

Lcthritius semicinclus 

0.01 

0,70 

* 


E ngypro so pan g ra ndisq uamma 

0*01 

0,21 

Bit 

NEMIPTERIDAE 





BALISTIDAE 




NemtpteruS pertitii 

0,04 

1.75 

* 


5 ufflam en ch rys opt erus 

0*01 

0.53 

* 

$ co lop sis temporalis 

0,10 

5.05 

A 2 


MONACANTIIIDAE 




MULL1DAE 





Paramonacanthus Japonic us 

0.03 

0.47 

A 8 

M u lloides fla voli neat us 

0,02 

3.20 1 

* 


Pseudalutarius nasicornis 

0.16 

5.1 S 

D 26 

Parupeneus indie us. 

0.01 

0,47 

* 


TETRAODONTIDAE 




Parupeneus heptacanthus 

0.01 

0.47 

* 


Arothron hispid us 

0,01 

0,60 

* 

Upeneus molluccensts 

0.13 

7.47 

* 


Arothron immaculatus 

0.15 

13.16 

0 34 

Upeneus tragula 

0,38 

18,53 

C 17 


Arothron stellatus 

0,04 

2,98 

* 

Vpeneus sp. 

1,57 

70,69 

D 25 


Ca nthigas ter compress a 

0,63 

12.42 

D 27 

CHAETODONTIDAE 





■Canthigaster valent ini 

0,05 

0.74 

D2S 

C hacto do a uuriga 

0*02 

0.96 

* 


Canthigaster Sp. 

0.03 

0*77 

* 

fttniochus acuminatus 

0*06 

14.33 

C 18 


Lagocepkalus sceleratus 

0.02 

1,89 

R 12 

POMACANTIIIDAE 





DIODONTIDAE 




Centropygc tibicen 

0*05 

1.84 

* 


Dio don hlstrix 

- 

3.59 

• 
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These standardized values, D t were then transformed into log (D + 1). This procedure is 
recommended by Legendre and Legendre (1984) in case of over-dispersed data. The bottom 
type, expressed as the frequency of occurrence on each station of the five sediment catego¬ 
ries, and the benthic organisms, expressed as the sum of the abundance estimators 
(Table I), were used as additional variables. These additional variables were standardized. 
They do not participate in the analysis but are projected with the fish species and allow to 
characterize the associations of species. 


RESULTS 


The fishes 

A total of 89 species distributed among 31 families (Table II) were censused. The 
major species in density and biomass were the leiognarhids Leiognathus rivulatus and 
Secuior ruconius , the Lethrinidae Leihrinus genivinatus , and the Pomacentridae Pristotis 
jerdoni (Table II), The soft bottom fish community of the South Bay of St Vincent had a 
mean density of 0,44 fish rtf* (range 0.07-1,03 fish m" 2 ) and a mean biomass of 12.7 g m" 2 
(range 3,5-27.5 g nT 2 ) (Fig. 2). Station 3 stands out as having the most species, the highest 
density and the largest biomass. In contrast station 1, despite being second in number of 
species, had the lowest density and biomass. 

The trophic structure is given in Figure 3, The number of species was significantly 
different between trophic categories (x 2 test, a < 0.01), macro-carnivores having signifi¬ 
cantly more species than the other groups. Density and biomass were also significantly 
different between the various trophic groups (Anova, a < 0.001), A multiple comparison 
among means was then performed using a Tukey’s standardized range test (Sokal and 
Rohlf, 1981), This test indicated the presence of two groups: a group of high density and 
biomass composed of macro-in vertebrate feeders and planktivores, a second group with 
lower densities and biomasses represented by the piscivores, micro-invertebrate feeders and 
herbivores. 

The benthos 

The various types of sand covered 82 % of all stations, silt being found only at 
stations 6 and 10 (Table III), where few species of invertebrates were seen (Table IV), 
Species richness and abundance of the invertebrates were highest at stations 1,3,4 and l 1, 
On all four of these stations weak water currents were reported during the dives. These 
stations supported also the most cnidarians. Algae, with the exception of station 4, were 
located either in the middle of the bay (stations 3, 8, 9) or in the Northwest part (station l t 
2 , 11 ). 


Correlations between fish and benthos 

A systematic search for correlations was performed between the species richness, 
the density and the biomass of fishes, and the species richness and the abundance estimates 
of the benthic organisms (Table V). Only three correlations were significant (ot < 0.05), 
The number of fish species was correlated with the species richness and the abundance of 
cnidarians. Fish density was significantly correlated with the sponges and ascidian abun¬ 
dance, Piscivores were correlated to most benthic organisms except plants whereas the 
other trophic groups were correlated to only one or two benthos groups (Table V), 
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Fig, 2, * Number of fish species, density and biomass estimated for each station, m: mean; sd: standard 
deviation. 


Fish species associations and their relation to the benthos 

Station 3, which combined the most species of fish and benthic organisms, appears 
separated along axis 1 of the PC A, and stations 6 and 10, which were the only ones with 
sill, are separated on the lower part of axis 2 (Fig. 4), Station 1 was atypical in having a 
high benthos species richness but the lowest fish density. These projections together with 
the projection of the additional variables (Fig. 5) show that the axis 1 is an indicator of the 
benthos species richness and axis 2 an indicator of siltaiion. 

Five fish species groups (A-E) were defined (Fig, 5, Table II). Group A corresponds 
to fishes living in silted areas with no or few large benthic organisms. The species of group 
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Number of species 



16 

Density (fish/m a ) 
0.025 0.011 


0,232 





■ Pi Dei 



Fig. 3. - Overall trophic structure of the fish community (mean of all stations). Pi: piscivores; Cl: macro- 
invertebrate feeders: C2: micro-invertebrate feeders: Pk: plankton feeders; He: herbivores, 

A are known to occur in similar habitats, with the exception of Petroscirtes breviceps 
which is usually found on Sargassum algae (Table VI). The preference of these species for 
silt was confirmed by the ratio of the observed over the theoretical distribution of the spe- 
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Table III, - Frequency (%} of the various bottom types among the stations. 



Table IV. * Species numbers and abundance of benthic organisms, N: number of species; A: sum of the 
abundance estimators for a given group of organisms. 



Stations 

Organisms 

1 

2 

3 

4 

5 

6 

7 

S 

9 

10 

11 

Plants 

N 

6 

5 

1 

I 

2 

0 

5 

4 

4 

1 

5 


A 

25 

50 

80 

1 

9 

0 

11 

20 

20 

1 

67 

Echinoderms 













lloLoLEiurians 

N 

2 

5 

6 

7 

4 

3 

4 

4 

3 

2 

1 


A 

4 

30 

29 

15 

27 

10 

10 

13 

7 

33 

30 

Urchins and starfishes 

N 

4 

1 

3 

3 

1 

2 

3 

7 

2 

0 

3 


A 

83 

8 

3 

34 

1 

2 

5 

17 

4 

0 

12 

Ophiunds and crinoids 

N 

0 

0 

1 

3 

0 

0 

0 

0 

0 

0 

1 

A 

0 

0 

1 

7 

0 

0 

0 

0 

0 

0 

8 

Total 

N 

6 

6 

9 

13 

5 

5 

7 

11 

5 

2 

5 


A 

87 

38 

32 

56 

28 

12 

15 

30 

11 

33 

50 

Sponges astfdians 

N 

3 

3 

6 

9 

3 

3 

2 

3 

3 

1 

3 


A 

19 

H 

103 

63 

91 

12 

38 

14 

7 

1 

19 

Cnidarian* 













Actinia ns 

N 

I 

0 

0 

1 

0 

0 

0 

0 

1 

0 

1 


A 

1 

0 

0 

1 

0 

0 

0 

0 

1 

0 

3 

Alcyonarians 

N 

1 

0 

2 

2 

0 

2 

0 

0 

0 

0 

3 


A 

] 

0 

33 

9 

0 

11 

0 

0 

0 

0 

12 

Corals 

N 

3 

3 

7 

2 

I 

l 

2 

3 

3 

1 

4 


A 

88 

3 

111 

11 

8 

30 

11 

14 

14 

8 

44 

Stylaster 

N 

0 

0 

0 

1 

0 

1 

0 

1 

0 

0 

1 


A 

0 

0 

0 

I 

0 

3 

0 

3 

0 

0 

3 

Gorgon ians and Antipatharia 

N 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 


A 

0 

0 

0 

1 

0 

I 

0 

0 

0 

0 

0 

Total 

N 

5 

3 

9 

7 

1 

5 

2 

4 

4 

1 

9 


A 

90 

3 

144 

23 

s 

45 

11 

17 

15 

8 

62 

Molluscs and worms 

N 

3 

1 

2 

8 

3 

3 

2 

3 

4 

2 

1 


A 

32 

3 

31 

123 

36 

63 

38 

9 

10 

2 

30 

Total 

N 

23 

13 

28 

38 

14 

16 

18 

25 

20 

7 

23 


A 

253 

113 

390 

266 

172 

131 

113 

90 

63 

45 
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Table V, - Correlations (Spearmahs coefficient) between fish and benthos, N; number of species; D; 
density; B: biomass; A: abundance; Pi; piscivores; Cl: macro-in vertebrate feeders; C2: micro-invertebrate 
feeders; Pic: plankton feeders; He: herbivores; +: a < 0,10; *: a < 0,05; **: a < 0.01. 
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Cl 

C2 

Pk 
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N D B 

N D B 
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4 
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Fig. 4. - Projection of the stations on the first two axes determined by the Principal Component Analysis. 
The percentage of the explained variation is given for each axis. 

cies (Table VII). However, Parapercis cylindrica was found preferentially with free corals 
(Cyctoseris cyclolites and Trachyphyllia geoffroyi ). Species of group B were found on bare 
sand. This tendency is confirmed by the ratio of table VII* These species were usually 
reported on muddy rather than sandy bottoms (Table VI), Group C is constituted by fish 
associated to rich benthic fauna (Table VII). Most of the fishes in this group were usually 
associated with reefs or coral (Table VI). In St Vincent Bay these species were often but 
not always related to coral (Table VII). In particular, they all show a preference for sponges 
(except Cephalopholis boenack) and sand. Group D fishes were found on what is known in 

























233 



Fig, 5. - Projection of the fish species and the additional variables on the first two axes determined by the 
Principal Component Analysis. The percentage of the explained variation is given for each axis. See table 
II for species codes, Sa: sand; Ss: silted sand, 5d: silted sand with debris: Mu: silt: Md: silt with debris: 
Ag: algae: Sp: sponges; Co: corals; AI: alcyonarians; Ac: actiniarians; St: stylasters; Wo: worms; Ur: sea 
urchins; Ho: holothurians; Op: ophiurids and crinoids. 

New-Caledonia as "grey bottoms” (Chardy et aL y 1988) which is usually silted sand with 
Hatimeda algae. This preference for sand is indicated by the ratio of table VII, but no par¬ 
ticular association of these fishes with algae was reported. These fishes were also linked to 
the presence of the worm Eunice tuhifex (Table VII), There is not much data available on 
the habitat of these species (Table VI). Catuhigaster valemini was not usually recorded on 
this type of habitat but was rather found associated with corals and reefs. Group E is com¬ 
posed of three species which were often encountered together in crevices of bed rock. This 
type of habitat was found on three occasions during the survey but on different substrata. 
Diagramma pictum and Epinephelus cyanopodus were most often associated with isolated 
coral reefs (Table VI). This group was found preferentially on sand with debris, or silt with 
debris, together with algae (Table VII). Leiognathus rivulatus appears in none of the 
groups; it is a species which schools at times near the bottom but also migrates in the water 
column to feed on plankton. It is therefore not directly correlated with benthic organisms 
and may be found over a number of substrata. 
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Table VL - Review of the bottom type from which the mala species of groups A-E have been reported, 1: 
Allen (1975); 2: Alien (1985); 3: Allen and Randall (1977); 4: Allen and Swainston (1992); 5: Bell et al 
{1984); 6: Blaberand Blaber (1980); 7; Fisher and Bianchi (1984); 8: Fourmanoir and Laboute (1976); 9: 
Gomez etal (1988); 10: Grant (1978); 11: Hilomen and Gomez (1988); 12: Kulbicki et al. (1990); 13: 
Loubens (1978); 14: Marchal et al (1981); 15; Masuda et aL (1984); 16: Munro (1967); 17: Myers 
(1989); 18: Randall and Heemstra (1991); 19: Smith and Heemstra (1986); 20; Stephenson et al. (1982), 


Specks 

Dot tom type 

Group A 

Saurida undosqu*mis 

Sco lop sis te m po ra Us 

Fctrosirtes breviceps 

Paramonacanthus Japonic us 

mud 7 20, sandy bottom 3 ^ » 
coasti] waters^ 

sandy areas with saigassW 7 * sargassum and other, seaweeds^ 
mud^O' coastal waters^ 

Group B 

Gerres ovatus 

sandy mud^O estuaries with mud^, mangrove creek^ 

Engyprosopon grandisquamma 

Lagocephalus sceleratus 

shallow muddy and sandy bottoms 7 h sand and clay bottoms 1^ 
sand with shells and silty sand 14 

Group C 

Cephalophoits boenack 

coral and rock, rich areas in sheltered turbid lagoon reefs 17, around coral 
reefs! 5 dead reels in sheltered areas 19 

Epinephelus mac u talus 

Lutjanus quinquetineatus 

Lutjanits vittus 

Upent us tragula 

juvenile in shallow coral rubble, adult on isolated coral heads! 7 
shallow coral reefs 7 , Acropora sheltered lagoons 7 
flat bottom with scattered coral outcrops 3 7 , rocky and coral reef areas 7 *- 7 
sandy to muddy bouom$l 7 , sand or silty sand near coral reefs 7 , shallow 
algae bedds® 

Ilenlockus acuminatus 

protected lagoons 17 

Chromis fumea 

FristOtis jerdoni 

Cheilinus bimaculatus 

reef slopes^, isolated patch reefs on sandy bottoms! 2 
flat sandy bottoms! 

rubble or dumps of algae in "dead" areas 3 7 , sea grass beds ^ 

Group !> 

Le thrift us gen t villa i us 

Canlhigaster compressa 

Canthigaster vahntini 

silty sand with algae®, silted sand near coast 1 3 

clear and sandy bottom 17 r wharf pilings in silty harbours^ 

coral heads, seaward reefs 3 7, dead coral with algal covering^, sheltered 

areas 3 ! 

Group E 

Epinephelus cyanopodus 

Diagramma picium 

isolated coral heads oflagoons 37 *! S [solved coral bommies in sandy arcas^ 
sandy to muddy bottom dose to patch reefs 37 , around coral^. sandy areas 
of coral reef lagoons! 0 


In groups A and B most fishes are small macro-invertebrate feeders (Gerres ovatus , 
Scolopsis temporalis , Parapercis spp., Gobiidae spp., Engyprosopon grandisquamma) and 
micro-invertebrate feeders (Gerres ovatus, Gobiidae spp,, Amblyeleotris sp>), the only other 
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Table VII. - Ratio of the observed frequencies over the theoretical frequencies of the main fish species for 
the main substrata. See material and methods for explanations, Sa: sand; S, sa: silted sand; Sa de: sand 
and debris; Si: silt; Si de: silt and debris; Spon: sponges: Alcy: alcyonarians; E tub: Eunice mbifex 
(worm); no symbol: ratio < 1. *: 1 < ratio < 2; **: 2 < ratio < 10; ***: 10 < ratio. 
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trophic group being piscivores represented by Saurida undosquamis and Onigoda sp. 
Group C is characterized by plankton feeders such as Chromis fumea and Pristotis jerdoni. 
Macro-invertebrate feeders such as the small labrids, Cheilinus bimaculatus and Suezick- 
thys gracilis, and larger lutjanids, Lutjanus quinquelineatus and Lutjanus vittus, are the 
second main component of group C The fishes from group C were usually found on hard 
substrata, near coral formations or very large sponges which seem to be used as refuges. 
Group D is characterized by macro-invertebrate feeders of small to medium size, such as 
Lethrinus genivittatus and Uperteus sp. t and also by small micro-invertebrate feeders such 
as Canthigaster compressa f Canthigaster valentini and Pseudalutarius nasi corn is* Cant hi- 
gaster compressa and Pseudalutarius nasicomis are well adapted to camouflage among 
algae such as the Halimeda and the Sargassum which are commonly found on "grey bot¬ 
toms' 1 (Chardy et ai, 1988), 


DISCUSSION 

The fish species composition and the trophic structure observed during this study 
are closely related to the results of an exploratory trawl survey from the same grounds 
(Kulbicki and Wantiez, 1990a), indicating that the sampling procedure was satisfactory. 
Previous trawling has indicated the presence of 191 species in the South Bay of St Vincent. 
In that latter study 40 species can be considered as important, being present in more than 
25% of the hauls. Only 9 of these 40 species were not recorded in the present survey. These 
species are either cryptic ( Saurida gracilis , Inimicus didactylus, Synchiropus rameus) or 
schooling species ( Leiognathus bindus , Leiognathus leuciscus, Leiognathus splendens , 
Sphyraena purnamie). Two species, namely Lactoria comma and Tetrasoma gibbosus , 
usually were easily detected along transects. A number of species which had not been pre¬ 
viously taken during the experimental trawling were also censused in the present study. 
These are mainly reef fishes such as Centropyge tibicen, Abudefduf sexfasciatus , Abudefduf 
whiileyi , Halichoeres hoevenu Halichoeres trimaculatus and Thalassoma lutescens , or 
burrowing species such as Amblygobius albimaculatus , Amblygobius bynoensis and Valen- 
ciennea puellaris , The trophic structure found during this diving survey is not significantly 
different in either density or biomass from what was observed during a trawl survey over 
the same area (Kulbicki and Wantiez, 1990a; Wantiez, 1993, 1994). There are however 
some differences between the two surveys at the species level. Thus, in the present study 
there were no large piscivores, such as large groupers (Serranidae) or barracudas, no 
clupeiforms among the plankton feeders, and the largest macro-invertebrate feeders such as 
Lutjanidae and Lethrinidae were seen only in small numbers. Diving was better than 
trawling because of the more precise nature of the information which can be obtained si¬ 
multaneously on fishes and benthos, Kulbicki and Wantiez (1990b) have found that trawls 
underestimated actual densities for several fish species sampled in this type of fishery. 
Moreover, small species such as Chromis fumea (group C), Parapercis cylindrica 
(group A) and most Apogonidae (group E) are absent from the trawls because of their small 
size. These species may be important in the community and disturbance of their 
populations by trawls, not directly revealed by the analysis of trawl catches, may have 
important indirect effects on commercial species. 

Correlations between the fish community and the benthos characteristics, similar to 
those observed during this study, have also been observed among coral reef fishes of the 
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Chesterfield islands (Kulbicki et ai * 1990). Fish diversity was also correlated with cnidar- 
ian diversity and abundance. Such a relationship is frequently observed on coral reefs 
(Hobson, 1974; Reese, 1977; Harmelin-Vivien and Bouchon-Navarro, 1983; Galzin, 1987; 
Kulbicki et al. , 1990). At a larger spatial scale, the species richness of the ichthyofauna was 
linked to the species diversity and the abundance of the benthos in the wide open North 
Lagoon of New Caledonia, the characteristics of which vary greatly in space (Wantiez, 
1993). Species associations determined in the North Lagoon were also determined by two 
gradients, one linked to siltarion and the other to benthos diversity and abundance 
(Wantiez, 1993). Species occurring where the benthos was diversified and abundant were 
contrasted to species occurring where the benthic assemblages were scarce. Similar abun¬ 
dant species were globally characteristic of similar environments in the two studies 
(Saurida undosquamis and Scolopsis temporalis on one hand, and Lethrinus genivinatus, 
Upeneus sp. and Canlhigaster compressa on the other hand). This suggests that the struc¬ 
tural organisation of soft bottom fish communities is likely to be the same in all New Cale¬ 
donian lagoons. Similar patterns of distribution have been found in Queensland (Australia) 
(Cannon et al, 1987; Watson and Goeden, 1989; Watson et al , 1990), 

The links between species distribution and benthos characteristics have several 
consequences for trophic structure. Micro-invertebrate feeders were negatively correlated 
to cnidarians and to benthic organisms in general. This can be explained by the fact that 
these fishes feed mainly on prey which are found in silted areas where conspicuous macro- 
benthic organisms are scarce. The relationship between plankton feeders and sponges is due 
to concentrations of the damselfish Pristotis jerdoni over large black sponges (genus Ir- 
cinia) that could be explained by a plankton input. A similar relationship was found by 
Kulbicki et al . (1990) in the Chesterfield islands between plankton feeding damselfishes 
and filtering organisms such as sponges and ascidians. The absence of relationship between 
herbivores and the benthos is likely to be due to the fact that this trophic group was always 
scarce (1 species per station, 0.004 fish m~ 2 and 0,076 g m" 2 ) with the exception of station 
3 (7 species, 0,23 fish m" 2 and 3.8 g nf 2 ). This was also the station with the highest plant 
cover and the largest benthos abundance. 

Comparison of the species composition with the catch composition in the prawn 
trawl fishery of Queensland (Jones and Derbyshire, 1988) shows that 21 species were 
common representing 28 % of the 75 caxa identified at the species level. A similar com¬ 
parison with trawl catches from the Arafura Sea (Indonesia) and the Gulf of Carpentaria 
(Australia) (Okera and Gunn, 1986) indicated 23 species in common. Among the species 
which characterize a group in the present study, Saurida undosquamis, Epinephelus cya- 
nopodus, Epinephelus macula t us, Lutjanus vittus, Diagramma pic turn, Lethrinus genivitu i- 
tus, Upeneus tragula, Engyprosopon grandisquamma, Paramonacanthus japonic us. Pseu- 
dalutarius nasicomis and Lagocephalus sceleratus are either commercially important or 
abundant in the catch of most soft bottom trawl fisheries in the tropical Indo-Pacific. The 
catch composition of these fisheries fluctuates with time and it is thought that these 
changes are in part due to the destruction or modification of the benthic communities by the 
trawl (Sainsbury, 1982; Hutchings, 1990; Harris and Poiner, 1991), Such changes may 
induce increase of some less desirable species. Thus Saurida undosquamis replaced 
Merluccius merluccius in Israel after the start of trawling (Ben-Yami and Glaser, 1973). 
The same species increased significantly in the trawl fisheries of the NW Australian shelf 
(Sainsbury, 1982), a second species of Saurida also becoming important whereas it was 
almost absent at the start of the fishery . Caveriviere et ai (1981) indicate the proliferation 
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of Batistes carolinensis on the coast of Western Africa. One of the possible explanations of 
this sudden increase is the development of a shrimp fishery in the same area and the 
decrease of the clupeid Brachydeuterus auritus. In the present case* two Monacanthidae, 
Paramona can thus japonicus and Pseudalutarius nasicornis could present the same 
potential for sudden increase. The impoverishment of the benthic communities caused by 
trawling could favour species of the group A and B, whereas fishes of the groups C, D, E 
might be detrimentally affected. On the NW shelf of Australia Lutjanidae, in panicular 
Lutjanus vims , were found preferentially on bottoms with dense benthos, and this family 
has declined in the catch as a result of the alteration of the habitat by trawling (Sainsbury, 
1982). In St Vincent Bay data from a monthly trawl survey over one year suggests that 
Lutjanus vittus is particularly sensitive to this problem (Waiuiez, 1993), Another aspect of 
trawling is the destruction of juveniles. In the present study three species, Diagramma 
pictum (group E), Epinephelus maculatus (group C) and Lagocephalus sceleratus (group B) 
were mainly found as juveniles. These three species are fished as adults along the barrier 
reef and in the untrawlable pans of the lagoon (Kulbicki et al t 1987). If a trawl fishery 
developed in St Vincent Bay one would expect to see in the nearby lagoon a decrease of 
Diagramma pictum and Epinephelus maculatus and maybe an increase of Lagocephalus 
sceleratus, The first two species are economically important whereas the latter one is a 
nuisance to line fishing and has no commercial value. 

This study confirms statistical associations between the fish community and benthic 
characteristics, and supports the hypothesis explaining the declines in Northwest Australia 
and Southeast Asia trawling grounds (Sainsbury, 1982; Hutchings, 1990; Harris and Poiner, 
1991). Modification of the environment may induce important ecological changes in the 
species structure and the trophic organisation of the fish communities, by reducing ecologi¬ 
cal niches through diminution of benthic complexity (decrease of megabenthic formations 
such as corals and sponges). 


REFERENCES 

ALLEN G,R„ 1975. - Damselfishes of the South Seas, 238 p, TFH Pub., Neptune City. USA. 

ALLEN G.R., 1985. - FAQ Species Catalogue, Vol, 6. Snappers of the World, 208 p, FAO Fi$h, Cat, 
n° 125, Rome* 

ALLEN G.R, & J.E. RANDALL, 1977. - Review of the sharpnose pufferfishes. Rec. Aust. Mu$, t 30: 475- 
518. 

ALLEN G.R, & R, SWAINSTON. 1992. - Reef Fishes of New Guinea. Pub, n°8 Christensen Res. Inst., 
Papua New Guinea. 

BELL, D., POLLARD D A, BURCHMORE J.J., PEASE B,C & M.J. MIDDLETON, 1984. - Structure of 
a fish community in a temperate mangrove creek in Botany Bay (New South Whales). Aust J, 
Mar. Freshw , Res., 35: 33-46. 

BEN-YAM] M. & T. GLASER, 1973. - The invasion of Saurida undosquamis (Richardson) into the 
Levant basin - an example of biological effect of interoceanic canals. Fish. Bull. US, 72: 359- 
373. 

BLABER 5J.M, & TG. BLABER, 1980. - Factors affecting the distribution of juvenile estuarine and 
i ns here fis hes. J. Fish Biol ,17: 143-162. 

BURNHAM K.P., ANDERSON D.R, & J,L, LAAKE, 1980. - Estimation of density from line transect 
sampling of biological populations. Witdi Monogr.,32: 1-202. 

CANNON L.R.G., GOEDEN G.B. & P, CAMPBELL, 1987, - Community patterns revealed by trawling 
in the inter-reef regions of the Great Barrier Reef. Mem. Qld Mus„ 25: 45-70, 


239 


CAVERIVIERE A.. KULBICKI M., KONAN J. & F. GERLGTTG, 1981. * Bilan des connaissances 
actuelles sur Batistes Caroline ns is dans le golfe de Guin£e Doc. set. Centre Reck Ocianogr , 
Abidj. t 12: 1-78. 

CHARDY R, CHE VILLON C. & J. CLAVIER, 1988. - Major benthic communities of the South-West 
lagoon of New Caledonia, Coral Reefs, 7: 69-75. 

DREDGE M.CX., 1989. - By-catch from the central Queensland prawn fisheries: part II. Spatial and 
temporal changes in by-catch composition and community assemblages. Fish. Branch Tech. 
Rep.* Great Barrier Reef Mar. Park Authority, Queensland, 37 p. 

FISCHER W, & G, BIANCHI, 1984. - FAQ Species Identification Sheets for Fishery Purposes. Western 
Indian Ocean (fishing area 51). FAO, Rome, 5 vol. 

FOURMANOIR P, & P. LABOUTE. 1976. - Poissons de Nouvelle-Cal&lonie et des Nouvelles Hebrides. 
376 p. Editions du Pacifique, Papeete, Polyn&ie Frangaise. 

GALZIN R., 1987. - Structure of fish communities of French Polynesian reefs. I. Spatial scales. Mar. 
Ecol Prog. Ser., 41: 129-136. 

GOMEZ ED, t LICAUNAN W.Y. &. V.V. HILONEN, 1988. - Reef fish-benthos correlations in the 
northwestern Philippines, pp. 245-249. In: Proc, 6th Int Coral Reef Cong., Vol. 3 (Choat J.H., 
ed.). Janies Cook Univ., Townsville. 

GRANT E,M„ 1978. - Guide to Fishes. 767 p. Dept. Harbours Mar., Brisbane, Australia. 

HARMELIN-VIVIEN M. & Y. BOUCHON-NAVARRO, 1983. - Feeding diets and significance of coral 
feeding among chaetodonids fishes in Moorea (French Polynesia). Coral Reefs , 2: 119-127, 

HARRIS A.N, & LR. FOINER, 1991. - Changes in species composition of demersal fish fauna of 
southeast Gulf of Carpentaria, Australia, after 20 years of fishing. Mar, Biol , 111: 503-519. 

HILONEN V.V. & E.D. GOMEZ, 1988, - Distribution patterns of fish communities in some Philippines 
reefs, pp. 257-262. In: Proc. 6th Int. Coral Reef Cong,* Vol. 3 (Choai J.H., ed.), James Cook 
Univ., Townsville. 

HOBSON E.S., 1974. - Feeding relationships of teleostean fishes on coral reefs in Kona* Hawaii. Fisk 
Bull US, 72: 915-1031, 

HUTCHINGS P„ 1990. - Review of the effects of trawling on macrobenthic epifauna communities, Awsr. 
J, Mar . Freshw. Res., 41: 111-120, 

JONES CM, & K, DERBYSHIRE, 1988. - Sampling the demersal fish fauna from a commercial penaeid 
prawn fishery off central Queensland coast. Mem. Qld Mas.. 25: 403-415. 

KULBICKI M. & L, WANTIEZ, 1990a. - Variations in the fish catch composition in the Bay of St Vin¬ 
cent, New Caledonia, as determined by experimental trawling. Akjt. J. Mar. Freshw, Res., 41: 
121-144. 

KULBICKI M. & L. WANTIEZ. 1990b. - Comparison between fish bycatch from shrimp trawlnet and 
visual censuses in St Vincent Bay* New Caledonia. Fish . Bull US. 88: 667-675, 

KULBICKI M„ MOU THAM G., BARGJBANT G„ MENOU J.L. & P T1RARD, 1987. - Resultats 
prgliminaires des peches exp^rimeniales & la palangre dans le lagon sud-ouest de Nouvelle- 
Caltfdome. Rapp, set tech. ORSTOM Noumea. 49; 1-104. 

KULBICKI M.. DOHERTY P.* RANDALL JE., BARGIBANT G„ MENOU J.L.* MOU THAM G. & P. 
TIRARD, 1990. - La campagne CQRAIL l du "N.O. CORIOLIS' 1 aux Ties Chesterfield (du 15 
aoflt au 4 septembre 1988): donndes prdliminajres sur les peuplements ichty ologiques. Rapp, sci 
tech. ORSTOM Noumea, 57: L88, 

KULBICKI M.. MOU-THAM G„ THOLLOT P. & L. WANTIEZ 1993, - Length-weight relationships of 
fish from the lagoon of New Caledonia. NAGA The ICIARM Quaierly. April-July 1993: 26-30. 

LEGENDRE L, &, P. LEGENDRE. 1984. - Ecologie num£rique. 2, La Structure des Donnies Ecologi- 
ques. 2nd ddit. 335 p. Collect. Ecologie. Masson, Paris. 

LQUBENS G„ 1978. - La peche dans le lagon ndo-catedomen. Rapp, sci tech. ORSTOM Noumea, 1:1- 
52. 

MARCHALE,* STEQUERT B., INTES A, CREMGUX J.L. & B, P1TON* 198L - Ressources p^iagiques 
et demurs ales des Ties Seychelles. Rdsultais de la 2 feme campagne du NO. Coriolis (aoth-sep- 
lembre 1980), 53 p. + 19 tab. + 55 fig. + 3 annexes, ORSTOM, Paris. 


240 


MASUDA H., AMAOKA K., ARAGA C„ UYENO T, & T. YOSHINO, 1984. - The Fishes of ihe Japa¬ 
nese Archipelago. Tokyo Univ. Press, 473 p. + 370 pi. 

MUNRO I,S.R„ 1967. - The Fishes of New Guinea. Dep. Agriculture, Pon Moresby, New Guinea, 650 p, 
+ 78 pi. 

MYERS R. F., 1989. - Micronesian Reef Fishes,298 p. Coral Graphics, Guam. USA. 

OKERA W. &. J.$, GUNN, 1986. - Exploratory trawl surveys by FRV Solea in the australian fishing zone 
sector of the Timor-Arafura seas and in the Gulf of Cartpeniaria, CSIRO Mar. Lab. Rep., 150: 1- 
104, 

PARRISH LD„ NORRIS J,E„ CALLAHAN M.W., CALLAHAN J.K., CALLAHAN E J„ MAGARIFUJI 
EJ. & R, SCHROEDER, 1986. - Piscivory in a coral reef community, pp. 285-297, In: Con¬ 
temporary Studies in Fish Feeding (Simenstad C,A, & G,M. Caillet, eds). Dr, Junk FubL, Dor¬ 
drecht, Hollands. 

RANDALL JE, & P.C. HEEMSTRA, 1991, - Revision of Indo-Pacific groupers (Perciformes: Serrani- 
dae: Epinephelinae), with description of five new species, Indo-Pac. Fish., 20: 1-332. 

REESE E.S., 1977, - Coevoluiion of corals and coral feeding fishes of the family Chaetodontidae, pp, 
267-274, In: Proc. 3rd Int. Coral Reef Symp., Miami. 

SAINSBURY KJ., 1982. - The biological management of Australia's multispecies tropical demersal 
fisheries: a review of problems and some approaches, CSIRO Mar , Lab. Rep., 147: 1-16. 

SEEGEL S, & L CASTELLAN, 1988. Nonparameuic Statistics for the Behavioural Sciences. 2nd edit 
399 p. Statistics Series, McGraw-Hill International Editions, New-York. 

SMITH M.M. & P.C. HEEMSTRA, 1986. - Smith's Sea Fishes, 1047 Springer Veriag, Berlin, 

SOKAL R.R. & F.J. ROHLF, 198L - Biometry, 2nd edit. 859 p v W.H. Freeman, San Francisco. 

STEPHENSON W„ CHANT D,C & S.D. COOK, 1982. - Trawled catches in northern Moreton Bay, I, 
Effects of sampling variables. Mem, Qtd Mus,, 20: 375-386, 

WANTIEZ L., 1993, - Les poissons des fonds meubles du Lagon Nord et de la baie de Saim-Vincent de 
Nouvelie-Calddonie, Description des peup laments, structure et fonctionnement des commu- 
nautds. 444 p r Th&se Univ. Aix-Marseille H. 

WANTIEZ L„ 1994. - Reseaux trophiques de 1'idnyofaune des fonds meubles lagonaires de Nouvelle- 
Catedonie. C R. Acad. Set. Paris Ser\ UlScl Vie , 317: 847-856, 

WANTIEZ L, & M. KULB1CK1, 199 L - Les peches exploratoires au chalut en bare de Saint Vincent 
(Nouvelle Cal6donie). Rapp, sci , tech , ORSJOM Noumea, 60: 1-73. 

WATLING L„ KINNER P.C & D. MAURER, 1978. - The use of species abundance estimates in marine 
benthic studies. J. Exp. Mar Biol Ecol, 35: 109-118. 

WATSON R.A. &. G. GOEDEN, 1989, Temporal and spatial zonation of the demersal trawl fauna of the 
central Great Banner Reef, Mem. Qld Mus., 27: 611-620. 

WATSON R.A., DREDGE M.L.C, & D.G. MAYER, 1990. Spatial and seasonal variation in demersal 
trawl fauna associated with a prawn fishery on the central Great Barrier Reef, Australia. Auji. / 
Mar. Fresw. Res., 41: 65-77. 


Regu le 05,10.1994. 

Accepts pour publication le 07.05.1995. 


